Device and Methods for Sequential, Regional Delivery of Multiple 
Cytotoxic Agents and Directed Assembly of Wound Repair Tissues 

BACKGROUND 

The present invention generally relates to devices and methods for treatment 
5 of cancer and particularly breast cancer and specifically to devices and methods for 
the regional delivery of multiple cytotoxic agents in a programmable, sequential 
manner and for the directed assembly of wound repair tissues. 

Every adult is at risk for breast cancer. One in nine women who live to the 
age of 90 will be treated for breast cancer at some time in her life, and more than 

10 180,000 women in the United States were diagnosed with the disease in 2000. 
Although breast cancer is rare in men, it does occur: an estimated 1,400 cases will be 
diagnosed in American men in the year 2002. In 1999, approximately 43,000 women 
died from the disease according to the American Cancer Society. Breast cancer is the 
most common form of cancer in women and ranks as the second leading cause of 

15 cancer deaths among women of all ages. Breast cancer is the number one cause of 
cancer death for women aged 29 - 59. 

Despite the development of innovative systemic medical therapies for the 
treatment of breast cancer, local disease control is still a problem. This is also true for 
other common malignancies such as prostatic carcinoma and colon cancer. Under 

20 most current systemic therapy protocols, chemotherapeutic drugs are given to patients 
systemically as an adjunct to the removal of malignant tumors. Even with 
preoperative and postoperative radiation therapy, local recurrences often develop. 
Because of the toxicity of the drugs, the attainable concentration of an active drug in 
the tumor after systemically-administered chemotherapy is, in part, restricted by the 

25 dose-limiting systemic toxicity tolerated by the body. Pre-operative high dose 
chemotherapy or radiation therapy can adversely affect normal tissue healing, add 
morbidity and expense and may allow primary tumors that are insensitive to 
preoperative treatment an opportunity to extend locally, to distant sites, or both. 

Breast cancer can be detected at an early treatable stage. Five year survival 

30 after treatment for early-stage breast cancer is 97%. The basis for contemporary 
breast cancer treatment dates back to the 1890s when William Halsted developed the 
radical mastectomy; a technique for removing a breast, the underlying chest muscle 
and the lymph nodes in the armpit. According to Halsted, breast cancer could be 

1 



cured by carving a wide clearance around the initial tumor and its draining sites 
leaving clear margins of healthy tissue. Today, a modified radical mastectomy with 
preservation of the pectoral muscles, a somewhat less severe version of the Halsted 
operation, is still used in approximately 66% of breast cancer surgeries. 
5 While modified radical mastectomy remains the dominant form of treatment 

for early cancer of the breast, a much less drastic operation called a lumpectomy 
(sometimes also called breast conserving therapy) combined with radiation therapy 
has recently been adopted and is used in a third of tumor removal surgeries. As the 
name suggests, a lumpectomy procedure involves only the removal of the tumor along 

10 with a "shell" of healthy tissue to ensure that the whole tumor is taken. There is clear 
evidence that a lumpectomy, when followed by radiation therapy, is just as effective 
as the modified radical mastectomy in most situations. According to the New 
England Journal of Medicine, radiation following lumpectomy resulted in a five-year 
survival rate of 85 percent, as compared with 76 percent with total mastectomy. At 

15 eight years, 90 percent remained free of ipsilateral breast tumor as compared to 61 
percent of those not treated with irradiation after lumpectomy. Radiation, however, 
has no known effect on distant metastases which are the chief sources of danger. 

Any improvement in the treatment of breast cancer will probably come from 
chemotherapy. Used as an adjuvant therapy to surgery, chemotherapeutic compounds 

20 kill cancer cells including any metastases lurking in the body. Because of the side 
effects of the agents, chemotherapy, until recently, was a treatment of last resort, 
administered only to patients with extensive metastatic disease. Even today, despite 
discoveries that moderate side effects, chemotherapy is not easy for the patient. 
Chemotherapy for breast cancer is usually given in the form of a multi-drug regimen, 

25 one the most common being cyclophosphamide, doxorubicin and 5-fluorouracil. 

Sustained or controlled release of chemotherapeutic drugs directly into 
wounds after the removal of high grade malignancies may provide control of 
microscopic residual cancer cells and avoid system toxicity and wound healing 
problems while allowing early ablative surgery with the preservation of function of 

30 the formerly diseased area. To this end, the controlled delivery of bioactive agents 
from polymeric materials has attracted considerable attention of investigators 
throughout the scientific community for more than two decades. The trend in drug 
delivery technology has been toward bioresorbable polymer excipients requiring no 



follow-up surgical removal once the drug supply is depleted. Such polymers offer the 
great advantage of enabling either site-specific or systemic administration of 
pharmaceutical agents. 

Specifically, bioresorbable polymer technologies have been developed for 
5 targeted and controlled drug delivery of chemotherapeutic drugs to treat cancer. Most 
of these polymer delivery systems are based on gel, nanoparticals or microsphere 
technology for administration via intravenous injection. Others are solid or 
architecturally ill-defined polymer wafers and blocks that require surgical 
implantation. 

10 The devices of U.S. Patent Nos. 5,855,608; 5,981,825; and 6,264,701, each of 

which are incorporated herein by reference and hereinafter referenced to as the OPLA 
matrix, have proven to produce tissue engineering constructs capable of directing the 
formation of single or multiple functional tissues in bone, cartilage and soft tissue 
applications. Study has occurred in the canine osteosarcoma model of the use of the 

15 OPLA matrix joined to C/s-diamminedichloroplatinum II (CDDP; cisplatin; 
Platinol™, hereinafter cisplatin). Cisplatin is a heavy metal complex agent that has 
been used for many years in chemotherapy protocols. The resulting chemotherapy 
delivery system provided initially high local concentrations followed by a lower but 
sustained systemic delivery of cisplatin at therapeutic doses and showed efficacy from 

20 the standpoint of local primary tumor control and control of occult metastatic disease. 
Specifically, the chemotherapy delivery system consisted of a porous body implant 
defined by an internal architecture of partially enclosed, randomly sized, shaped and 
positioned intercommunicating interstices. The cisplatin is joined to the polymer 
during manufacturing yielding 8% cisplatin by weight of total polymer. Sterilization 

25 is achieved by exposure of the finished chemotherapy delivery system to 2.5 Mrads of 
gamma irradiation. The hypothesis of the chemotherapy delivery system is that a low 
but sustained therapeutic dose of cisplatin will decrease system toxicity while 
delaying or preventing distant metastasis. 

Pharmacokinetic and local/systemic effect studies conducted on the 

30 chemotherapy delivery system device documented that except for some mild, self- 
limiting swelling and edema of soft tissue at the surgery site, no overt systemic or 
local clinical toxicity was detected with the chemotherapy delivery system. The 
usual maximum dose-limiting schedule for cisplatin given intravenously to dogs is 70 



mg/m . The dose with the chemotherapy delivery system exceeded the maximum 
dose-limitation by approximately 16.5% without clinically detectable systemic 
toxicity. The peak serum dose of platinum from the chemotherapy delivery system 
was 20% of that seen with a similar intravenous dose. The area under the curve for 
5 total serum platinum concentration with the chemotherapy delivery system was shown 
to be 27 times that of a similar dose of intravenous platinum. Toxicity to bone 
marrow, kidney, nervous tissue or any other organ was negligible and the 
chemotherapy delivery system provided higher total sustained levels of the drug with 
less systemic toxicity than can be achieved by intermittent intravenous administration. 
10 Thus, a need continues to exist for devices and methods for delivering 

cytotoxic agents which overcome the shortcomings and deficiencies of the prior art. 
SUMMARY 

The present invention solves this need and other problems in the delivery of 
cytotoxic agents and involves the novel regional delivery of cytotoxic agents utilizing 

15 the OPLA matrix for extending the life-table of the population receiving this therapy 
while reducing the incidence of metastasis and delaying the onset of first metastasis 
and while providing higher total sustained levels of drug with less system toxicity 
than can be achieved by intermittent intravenous administration. The device of the 
present invention integrates disparate properties into a single construct capable of the 

20 following pharmacologic and tissue regeneration functions: 

1. High concentration, regional delivery of multiple cytotoxic agents in a 
predetermined sequence. 

2. Release of cytotoxic agents at a rate and concentration optimized for 
synergistic therapeutic effect with radiation therapy applied at an 

25 intensity and total quantity less than that required for a comparable effect 

if used alone (independently of the cytotoxic agents). 

3. Direct final deposition and morphology of fibrous (scar) tissue that is the 
repair tissue for the defect created by surgical excision of the offending 
tumor. 

30 In preferred aspects, the present invention utilizes bioresorbable devices for 

targeted and controlled drug delivery of chemotherapeutic drugs to treat cancer and in 
the most preferred form to treat breast cancer. In most preferred aspects, the 
bioresorbable delivery device has a gross size, shape, architecture and mechanical 
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characteristics to encourage regeneration of surgically removed tissue and restoring 
normal tissue contours and consistency. Additionally, the bioresorbable delivery 
device provides a depot for multiple cytotoxic agents which have different 
mechanisms of anti-tumor activity actions and which cooperate together and with 
5 radiotherapy in the treatment of cancer, with the cytotoxic agents being delivered 
sequentially in a programmable manner that maximizes their treatment cooperation. 
In further preferred aspects of the present invention, the bioresorbable delivery device 
provides a novel delivery vehicle for the cytotoxic agent paclitaxel which was 
previously intravenously administered. 
10 The present invention will become clearer in light of the following detailed 

description of an illustrative embodiment of this invention described in connection 
with the drawings. 

DESCRIPTION OF THE DRAWINGS 

The illustrative embodiment may best be described by reference to the 

1 5 accompanying drawings where: 

Figure 1 shows a graphical depiction having an axis labeled C depicting the 
serum drug concentration (ug/ml) and having an axis labeled T depicting time (post 
implantation), with the volume under the curve depicted by lines parallel to the T axis 
depicting the release of paclitaxel while the volume under the curve depicted by 

20 angled lines depicting the release of cisplatin. 

DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENT 

The device of the present invention is built upon the 
macrostructure/microstructure strategy of the OPLA matrix previously used to good 
advantage for the presentation of biological modifiers such as bone morphogenetic 

25 proteins. The purposes of the macrostructure for the device of the present invention 
are three-fold: (i) establish gross size and shape of the device to provide soft tissue 
support as well as essential mechanical characteristics to prevent soft tissue prolapse; 
(ii) establish and maintain 3-D architecture internally of the device for soft tissue in 
growth, organization and stabilization following drug release; and (iii) function as the 

30 reservoir (or depot) for a first cytotoxic agent, which in the most preferred form is 
cisplatin. The macrostructure of the device is fabricated of a structural, 
biodegradable polymer selected from the group of poly (alphahydroxy acids) and in 
the most preferred form of D,D-L,L-polylactic acid (PLA) from a solution of the 



polymer in organic solvent by means of solid-liquid phase separation through freezing 
and subsequent lyophilization. The device can be produced having a three- 
dimensional architecture whose internal 3-D geometry is customized to match that of 
the recipient tissue. The first cytotoxic agent such as cisplatin is embedded between 
5 PLA polymer chains at fabrication by admixing the first cytotoxic agent into the 
polymer/solvent solution prior to lyophilization. By carefully controlling the thermal 
and mechanical profiles of the fabrication process, the bulk of the cisplatin particles 
will be sequestered immediately beneath the surface of the macrostructure' s 
partitions. 

10 Suspended within the interstices of the device's macrostructure (but remaining 

independent of the macrostructure material) is the device's microstructure. In the 
most preferred form, the microstructure is a velour of hyaluronan (HY), but other 
biologically inert materials such as alginate or chitosan may provide an alternate 
strategy. Specifically, in the most preferred form, the microstructure is formed by 

15 lyophilization of an HY water solution after it has been invested within the interstices 
of the OPLA macrostructure. In both the dry and hydrated states, the OPLA 
macrostructure and HY microstructure remain physically separate entities. The 
purposes of the microstructure are three-fold: (i) provide the ligand for a second 
cytotoxic agent, which in the preferred form is paclitaxel, thus rendering the second 

20 cytotoxic agent water soluble; (ii) function as the water reservoir of the device, while 
simultaneously inhibiting the macrostructure polymer from gaining access to water 
during the early post-implantation period; and (iii) provide controlled release for the 
second cytotoxic agent as well as establishing the sequencing of cytotoxic agent 
release into tissue and particularly release of the cytotoxic agent of the microstructure 

25 first followed by the release of the cytotoxic agent of the macrostructure second. (Fig. 

i) 

Hyaluronic acid (HY) is a naturally occurring mucopolysaccaride found in all 
mammalian and non-mammalian species. HY plays multiple fundamental roles 
critical to various biological processes including those of inflammation, cell 
30 proliferation and migration during embryogenesis as well as early wound healing and 
remodeling of healthy tissues. These functions are made possible by interaction of the 
CD44 cell surface receptor with hyaluronic acid as its ligand. Malignant tumor cells 
synthesize large quantities of hyaluronic acid and overexpress CD44 receptors 



in order to utilize HY as a chemotactic ground substance for regional invasion of 
adjacent healthy tissue. Oligomers and low molecular weight polymers of HY have 
both exhibited anti-tumor activity by competitively inhibiting binding of the tumor 
cell's CD44 receptors to high molecular weight HY of the extracellular matrix 
5 (ECM). Joining anti-tumor agents to HY specifically targets aggressively growing 
malignant cells by being incorporated into the cell via its CD44 receptor complex. 

These attributes of HY, as well as its immunoneutrality, make it the material 
of choice to function as the delivery vehicle for a second cytotoxic agent whose 
mechanism of action is different from, but complimentary to, that of the first 

10 cytotoxic agent. Specifically, in the preferred form, the platinum of cisplatin damages 
a cell's deoxyribonucleic acid (DNA) ability to replicate itself accurately, while the 
second cytotoxic agent in the preferred form of paclitaxel paralyzes the cell's 
cytoskeleton, as described below. 

Microtubules are protein polymers of the cell's cytoskeleton that provide 

15 compressive strength to the cell by resisting the forces generated by contractile 
elements of the cytoskeleton (i.e. actin). Microtubules are an assemblage of 
heterodimers composed of a-tubulin and /3-tubulin. Under normal conditions, a cell's 
microtubules are continuously and rapidly polymerized and depolymerized in 
response to the cell's interaction with its extracellular matrix (ECM) or its progression 

20 through mitosis. Paclitaxel binds tightly to microtubules of the cell's cytoskeleton, 
thereby stabilizing them and preventing their rapid depolymerization. Paclitaxel also 
causes much of the cell's free tubulin to assemble into stabilized microtubules 
whether or not they contribute to the cell's overall physiologic functioning. Under the 
influence of paclitaxel, therefore, the cell's cytoskeleton is paralyzed, unable to move 

25 through its ECM and unable to replicate itself through cell division. 

Paclitaxel, Taxus brevifolia (trademark Taxol®, a product of Bristol-Myers 
Squibb, herewith paclitaxel) is a natural product with anti-tumor activity that is 
derived from the bark of the Pacific yew tree. Though paclitaxel is approved by the 
US Food and Drug Administration (FDA) for use in treatment of several 

30 malignancies, its clinical application has been limited due to its poor aqueous 
solubility and the toxic effects associated with its excipient, Cremophor EL 
(polyoxyethylated castor oil). There have been multiple attempts to incorporate 
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paclitaxel into several other (less toxic) materials including poly(L-glutamic acid), 
albumin, poly(ethylene glycol) derivatives, and HY. 

The articles of Pouyani T and Prestwich GD: Functionalized derivatives of 
hyaluronic acid oligosaccharides: Drug carriers and novel biomaterials . 
5 Bioconjugate Chem., 5:339-347, 1994; and Luo T, Bernshaw NJ, Lu Z-R, Kopeck J, 
and Prestwich GD: Targeted delivery of doxorubicin by HPMA copolvmer- 
hyaluronan bioconjugates . Pharmaceutical Res, 19(4):396-402, 2002, recognizes the 
conjugation of hyaluronic acid with cytotoxic agents as a means for their delivery and 
controlled release. The protocol for synthesis of a low molecular weight hyaluronic 
10 acid (LWHA) - paclitaxel conjugate adapted from those described by Luo and 
Prestwich is as follows: 

LWHA (Mw < 5 x 10 3 ) is obtained by the degradation of high 
molecular weight HY material with a molecular weight of 
approximately 1.6 x 10 6 . Molecular weight degradation is 
15 accomplished using testicular bovine hyaluronidase (degradation 

verified by GPC analysis). Adipic dihydrazido functionalized LWHA 
is prepared by the addition of adipic dihydrazine at the carboxylate 
moiety. Adipic dihydrazine requires minimally aggressive reaction 
conditions (LWHA is not degraded further and does not cross-link 
20 during the coupling of the adipic dihydrazine). Coupling of adipic 

dihydrazine to the carboxylate moiety of LWHA is performed at pH 
4.75 (optimal pH for carbodiimide coupling reactions) using l-[3- 
(Dimethylamino)propyl] - 3 -ethylcarbodiimide hydrochloride as an 
initiator. The resultant pendant hydrazido group is sufficiently reactive 
25 and readily available (stearic effects are mitigated by having the 

hydrazido group remote from the LWHA backbone) to react with other 
compounds. LWHA and the adipic dihydrazido functionalized 
LWHA are purified by dialysis (3500 Mw cutoff membrane used) and 
purity is documented by GPC instrumentation. 
30 Paclitaxel is prepared for conjugation with the adipic 

dihydrazide functionalized LWHA by first synthesizing the N- 
hydroxysuccinimide ester. This is accomplished by first reacting N- 
hydroxysuccinimide with diphenylphosphoryl chloride to yield N- 

8 



hydroxysuccinimido diphenyl phosphate, which is then reacted with 
paclitaxel hemisuccinate (previously synthesized from paclitaxel and 
succinic anhydride) to form the paclitaxel-NHS ester. Adipic 
dihydrazido functionalized LWHA is reacted with paclitaxel-NHS 
5 ester via the free pendant hydrazido moiety and the carboxylate moiety 

of the succinate group. 

Prior art teaches use of very low molecular weight hyaluronan fractions as the 
ligand for paclitaxel (Mw < 5 x 10 3 ). The invention of this patent employs a 
conjugate including hyaluronic acid of substantially higher molecular weight (Mw = 

10 40 - 60 x 10 3 ) and in the most preferred form blended with pure, high molecular 
weight hyaluronic acid (Mw > 1 x 10 6 ) at a mass ratio in the order of 1:1 in the 
preferred form. Thus, the present invention accomplishes two functions ignored by 
prior art. 1) Varying the molecular weight of HY in the HY-paclitaxel conjugate 
provides a control for the rate at which the conjugate is released into adjacent tissues. 

15 2) Having a substantial fraction of the HY ligand present at molecular weights of 
50,000 (+/-) provides a convenient chemotactic ground substance for tumor cells 
remaining in adjacent tissues; thus making the implant an attractive, but lethal 
destination for these tumor cells. 3) Finally, blending the HY-paclitaxel conjugate 
with a pure HY moiety of high molecular weight provides the microstructure with an 

20 additional pharmacokinetic control mechanism as well as enhanced chemotactic 
potential for tumor cells remaining in adjacent tissues. The HY-paclitaxel 
microstructure is incorporated into all cells expressing the CD44 receptor. Malignant 
tumor cells overexpress the CD44 receptor as well as large quantities of hyaluronic 
acid, using binding of CD44 to the HY ligand as their primary mechanism for 

25 invading adjacent normal tissues. The HY-paclitaxel microstructure is endocytosed 
by the cell via its CD44 receptors followed by hydrolytic cleavage of the 
bioconjugate's T ester linkage (presumably through acid hydrolysis by lysosomal 
enzymes) and release of the pharmacologically active drug. All cells in the region 
expressing the CD44 receptor will ingest some of the bioconjugate. No matter which 

30 cells ingest the bioconjugate, the HY-paclitaxel complex cannot escape being 
endocytosed and metabolized to extinction. Malignant tumor cells in the region will 
selectively ingest proportionally more of the bioconjugate than will normal connective 
tissue or mesenchymal cells due to their overexpression of the CD44 receptor. 



The whole process of liberating the cytotoxic agents from their depot- 
materials is water dependent. Hyaluronic acid is aggressively hydrophilic and can 
bind water to a mass ratio of 1,000: 1. Furthermore, the viscoelastic properties of an 
HY solution trap the solution's water moiety, thus preventing any adjacent material 
5 from gaining access to it. Polylactic acid is inherently hydrophobic and repels water. 
Once the device is implanted, the microstructure of HY will accept wound fluids in 
quantity because of its strong hydrophilic quality and, consequently, starve the 
polymer macrostructure of fluids. The rate at which the second cytotoxic agent which 
in the preferred form is paclitaxel is released and the time interval before the first 

10 cytotoxic agent which in the preferred form is cisplatin is first exposed to the tissues 
is controlled by the initial weight average molecular weight of the HY as well as by 
its massrvolume concentration. The delay time for exposure of the first cytotoxic 
agent is a function of HY's viscoelastic properties. These properties are reduced as 
the molecular weight of hyaluronan is reduced, secondary to endocytosis of the HY- 

15 paclitaxel by tumor cells. At a certain molecular weight, the microstructure 's (HY) 
viscoelastic properties are reduced to the point at which it begins to (progressively) 
release its retained water (est. 12-14 hours post implantation); thus making free water 
available to the polymer of the macrostructure (depot for the first cytotoxic agent). 

When any polymer of the poly(alpha-hydroxy acid) group comes into contact 

20 with water, water molecules slowly infiltrate between its polymer chains, thus 
creating microporosities between the polymer chains. When enough water is imbibed 
by the polymer, microchannels are created between the polymer chains and any drug 
cargo processed into the polymer is provided with both a channel and a medium for 
escape. In vitro data demonstrates that approximately 35-45 percent of the mass of 

25 the first cytotoxic agent is released within the first 18 hours following exposure to 
fluids. Further, 70-90 percent of the mass of the first cytotoxic agent is released 
within the first 28 days and before molecular degradation of the polymer becomes 
evident. The remaining cargo of the first cytotoxic agent resident within the OPLA 
macrostructure will be released into tissue as the molecular weight of the polymer is 

30 reduced but prior to significant depreciation of the polymer's mechanical properties. 

One goal of the device of the most preferred form of the present invention is to 
present the first cytotoxic agent at relatively high local concentrations for a period of 
time. This level of concentration provides the opportunity to employ the synergistic 

10 



therapeutic effects in the most preferred form of cisplatin and radiotherapy. It is 
believed that cisplatin is useful as a radiation sensitizer. To this end, the area under 
the curve for cisplatin emanating from the device of the present invention will be low 
enough to avoid any normal tissue toxicity, but high enough to express its synergistic 
5 therapeutic properties with radiotherapy. The cisplatin concentration and 
radiotherapy intensity can be calibrated against each other so that the wound's 
collateral circulation is not irreversibly damaged. According to the preferred 
teachings of the present invention, the regional delivery of cisplatin in the 
concentration provided by the delivery system of the present invention produces 

10 synergistic therapeutic properties when utilized with radiotherapy in breast- 
conserving treatment protocols. 

After the cytotoxic agents incorporated into the device of the present invention 
have been deployed, the device (ie. the remaining 3-D macrostructure) will be 
available for the final purpose of tissue engineering. The polymer of the OPLA 

15 macrostructure can be engineered to maintain its internal, three-dimensional spatial 
arrangements and significant mechanical properties for a prolonged period of time 
post-implantation to support endothelial budding and repopulation of the device by 
fibroblasts. The internal, 3-D geometry of the matrix will dictate location of cells and 
collateral circulation, thereby dictating the final shape and intimate interactions of 

20 individual cicatrix strands of scar tissue within its boundaries. Since the gross size 
and shape of the device can be customized for each wound site, this predetermined 
organization of scar tissue will be the final legacy left after the macrostructure has 
been fully hydrolyzed to extinction. 

In a normal healing milieu, scar tissue grows in parallel bundles of fibers and 

25 then contracts at several disparate time periods. This often results in a "balling" up of 
the tissue giving it a consistency different from that of the original tissue. The 
macrostructure polymer should remain intact long enough after its drug cargo has 
been dispensed to dictate the shape and intimate interactions of the individual scar 
tissue fibers deposited throughout the site of implantation. Cells growing into the 

30 matrix are prevented from creating parallel bundles by the polymer's architecture and 
are, instead, chaotically arranged. During the early periods of scar contracture, the 
polymer is present to provide mechanical resistance to force vectors generated by 
myofibroblasts of scar tissue. Later contraction is limited by the cancelling forces of 
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the chaotic tissue arrangement. The result is a final soft tissue that is more normal in 
appearance and provided without the aid of proteins. 

To achieve the desired tissue engineering result, it is important that the 
polymer matrix retain its mechanical characteristics and support its three-dimensional 
5 architecture long enough to operate as an in vivo cell culture substratum for cell 
infiltration, growth and maturation. This is a function of the structural polymer's 
molecular weight (Mw), degree of crystallinity, hydrolysis profile and partition 
thickness. These characteristics can be controlled through selection of polymer 
species, prefabrication Mw, method of fabrication and choice of sterilization agent. 

10 D,D-L,L-polylactic acid is amorphous (non-crystalline) at Mws above 5,000. 

Therefore, the rate of hydrolysis throughout the macrostructure is uniform. An in 
vitro hydrolysis study of D,D-L,L-polylactic acid with a post-sterilization Mw of 
135,000 demonstrated that the macrostructure architecture remained intact until the 
polymer's Mw is reduced below 20,000, with it taking about six months to reduce the 

15 polymer molecular weight below 20,000. It should be appreciated that it is 
contemplated that D,D-L,L-polylactic acid of high MW in the range of 500,000- 
600,000 will be utilized to construct the device of the present invention. 

The method of sterilization is also an important consideration in engineering 
the polymer to remain porous for a sufficient period of time after implantation. This 

20 is because the sterilization method can affect a change in the polymer Mw profile. 
Gas plasma technology provides a method of sterilization that employs an ionized or 
partially ionized gas for its biocidal agents. Gas plasmas, together with 
electromagnetic and ultraviolet radiation and other reactive charged particles are 
generated through the action of high-temperature or strong electromagnetic fields on 

25 gases. The preferred gas plasma sterilization process separates stable charged 
biocidal particles from the electromagnetic/ultraviolet radiation, electrons, and ions 
formed along with them. Therefore, starting at a high Mw of greater than 500,000, 
the length of time required for tissue fluids to hydrolyze the polymer will be 
proportionally greater than that demonstrated in the in vitro hydrolysis study. 

30 Consequently, the mechanical and architectural properties will remain intact for a 
protracted period of time following elution of the cytotoxic agents in the delivery 
system of the present invention. 
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Autocatylatic, acid hydrolysis of polylactic acid is a phenomenon in which the 
central portions of large, solid constructs are degraded more rapidly than surface 
polymer exposed to interstitial fluids. When this occurs, there is a catastrophic 
collapse of the device once its "skin" of polymer has been sufficiently weakened. A 
5 PLA device susceptible to this phenomenon would be unacceptable as a drug delivery 
vehicle since the unpredictable collapse of the unit would alter the predetermined drug 
pharmacokinetics. Polymer partitions of OPLA are not susceptible to the bi-phasic 
polymer hydrolysis phenomenon demonstrated for massive (bulk or solid) devices 
because the partitions are less than 100/wn in thickness. Therefore, they are incapable 
10 of supporting the autocatalytic, acid hydrolysis produced in devices with polymer 
thicknesses greater than 100/xm. The practical consequences of this distinction is that 
the structural partitions of the OPLA structure cannot collapse upon themselves. 



The distinguishing features of the present invention over the prior art include: 
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1 . The device of the present invention is fabricated as a dry solid 
and can be applied only as a surgical implant. In prior art describing 
bioconjugates of low molecular weight hyaluronic acid with cytotoxic 
agents, the resulting HY-drug complex is designed to improve solubility of 
the cytotoxic agent and facilitate its intravenous administration. 
Conjugation of a cytotoxic agent to high molecular weight hyaluronic acid 
does render the complex hydrophilic, but it precludes its intravenous 



administration. 
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Though the high molecular weight HY-paclitaxel bioconjugate and 
blend of the present invention renders the paclitaxel water soluble, the HY 
also functions as a chemotactic ground substance to attract tumor cells into 
the construct and thus into intimate contact with the cytotoxic agents 



contained therein. 
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2. Hyaluronic acid is employed of relatively high weight average 
molecular weight (Mw = 40 - 60 x 10 3 ). All prior art involving 
bioconjugates of hyaluronic acid with cytotoxic agents teaches use of very 
low molecular weight examples of hyaluronan ranging from 
oliogosaccharides of Mw < 5 x 10 3 . 



3. In previous patents, Brekke teaches use of hyaluronic acid to 
deliver "therapeutic agents" to surgically created wounds. While Brekke 
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specifies in detail the possible physical locations for these agents within 
the device, the association of the therapeutic agents with the macro- and 
microstructure materials is limited to that of a passive cargo; one that does 
not chemically interact with the material of either the macrostructure nor 
the microstructure. 

In the construct of the preferred form of the present invention, the first 
cytotoxic agent which is cisplatin in the most preferred form is a passive 
cargo residing between the polymer chains of the macrostructure (US 
Patent No. 4,186,448 - Device and Method for Treating and Healing A 
Newly Created Bone Void, which is incorporated herein by reference). 
However, the second cytotoxic agent which is paclitaxel of the preferred 
form of the present invention is chemically bound to the high molecular 
weight hyaluronic acid of the microstructure. 

4. Prior art describing HY-drug bioconjugates does not anticipate 
a formulation in which the HY-drug bioconjugate is combined with a 
second drug. 

5. Neither Brekke nor the prior art describing HY-drug 
bioconjugates anticipate a device: 

a. in which the HY-drug bioconjugate is but one of a multiplicity of 
drug delivery vehicles; or 

b. is capable of releasing its various cargos in a predetermined and 
coordinated chronologic sequence and in the most preferred form 
at initially high local concentrations followed by a lower but 
sustained systemic delivery at therapeutic doses. 

6. The device of the present invention anticipates the 
macrostructure of the drug delivery system (OPLA) functioning as a tissue 
engineering device in order to dictate the final three-dimensional 
morphology of repair fibrous connective tissue (scar tissue). 

7. Though cisplatin is a powerful cytotoxic agent in its own right, 
it is used in the present invention for its ability to act synergistically with 
radiotherapy (X-ray therapy). By taking advantage of this fact, the device 
described in this patent allows a third treatment modality (X-ray therapy) 
to be introduced into the diseased tissues. X-rays are lethal to rapidly 
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dividing cells because it damages the cell's ability to repair damaged DNA 
and reconstitute single strands of DNA into the normal double helix. 
When postoperative serum levels of cisplatin reach the appropriate 
concentration, radiotherapy to the tumor site is begun. In the most 
5 preferred form, radiotherapy is begun immediately after release of 

paclitaxel has been completed, while cisplatin is being released, but after 
the initial release of high local concentrations of the cisplatin. At this 
point, and simultaneously, remaining tumor cells are being paralyzed by 
paclitaxel, replication of their DNA is being impaired by cisplatin and 
10 repair/reconstitution of damaged or replicating DNA is being inhibited by 

X-radiation energy. 

8. The device according to the preferred teachings of the present 
invention anticipates using the molecular weight of the hyaluronic acid 
ligand (for the HY-paclitaxel conjugate and blend) as a means to control 
1 5 the pharmacokinetics of paclitaxel exposure to tumor cells. 

Now that the basic teachings of the present invention have been explained, 
many extensions and variations will be obvious to one having ordinary skill in the 
related technologies. For example, although the device of the present invention has 
been described in its most preferred form including several unique features believed 
20 to produce synergistic results, such features can be utilized singly in other 
combinations according to the teachings of the present invention. 

Thus since the invention disclosed herein may be embodied in other specific 
forms without departing from the spirit or general characteristics thereof, some of 
which forms have been indicated, the embodiments described herein are to be 
25 considered in all respects illustrative and not restrictive. The scope of the invention is 
to be indicated by the appended claims, rather than by the foregoing description, and 
all changes which come within the meaning and range of equivalency of the claims 
are intended to be embraced therein. 
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